Lipogenesis in brown adipose tissue of virgin rats increased 8-10-fold after intragastric feeding with glucose or medium-chain triacylglycerol, and this increase was prevented by short-term insulin deficiency. Brown adipose tissue increased in weight during pregnancy, regressed during lactation and hypertrophied again on weaning; the rate of lipogenesis paralleled these changes. Glucose did not increase brown-adipose-tissue lipogenesis at mid-lactation.
Brown adipose tissue is the main site of coldinduced non-shivering thermogenesis (Foster & Frydman, 1979) . Prolonged cold exposure causes a severalfold increase in brown-adipose-tissue lipogenesis (Trayhurn, 1979; Rath et al., 1979) , which is related to the temperature difference to which the animal is exposed (Rath et al., 1979) . By analogy with cold-induced thermogenesis, dietary-induced thermogenesis is defined as the increased heat production caused by over-eating for long periods (Himms-Hagen, 1979) . Brown adipose tissue hypertrophies in rats that become hyperphagic when given palatable foods, suggesting that it may also be a site of dietary-induced thermogenesis (Rothwell & Stock, 1979) . However, the immediate effect of feeding on brown-adipose-tissue lipogenesis has not been studied in normal rats, and high rates of brown-adipose-tissue lipogenesis have only been described in cold-adapted animals (McCormack & Denton, 1977; Trayhurn, 1979; Rath et al., 1979 (Smith & Walsh, 1976 (Schein et al., 1971) . Rates of lipogenesis in vivo were measured by the incorporation of 3H20 into lipid (Stansbie et al., 1976) . 3H20 (4 mCi; 0.4 ml) was injected intraperitoneally 60-90min after feeding. The rats were 0306-3283/80/080477-04$01.50/1 (© 1980 The Biochemical Society anaesthetized 50min later (sodium pentobarbital, 60mg/kg body wt.) and dissected at 60 min. An arterial blood sample was withdrawn for determination of blood glucose concentration (Slein, 1963) and plasma 3H20 specific radioactivity. Interscapular brown adipose tissue, parametrial white adipose tissue and the liver were removed and weighed and the saponified lipids extracted (Stansbie et al., 1976) . Care was taken to dissect away any white adipose tissue adhering to the interscapular brown adipose tissue; this process took 1-2min. The percentage fat content (after saponification) of each tissue was determined and the rates of lipogenesis were expressed as ,umol of 3H20 incorporated into lipid/h per g fat-free wet wt. (Table 1 ). This enables comparison of rates between tissues with a different fat content.
Results and discussion Effects ofintragastricfeeding
In virgin rats that were fed on glucose the rate of lipogenesis in liver was increased by 135% and in white adipose tissue by 160%, but in brown adipose tissue it was increased 8-fold (Table 1) . Administration of insulin had a similar effect, despite the resulting hypoglycaemia (blood glucose concenitration 2.31 + 0.49mM), whereas fructose had little effect. An oral load of medium-chain triacylglycerol resulted in a similar response to that of glucose, but long-chain triacylglycerol caused no significant change (Table 1) . Medium-chain triacylglycerol, have been reported to stimulate insulin secretion (Yeh & Zee, 1976) , and an effect of insulin on brown-adipose-tissue lipogenesis has been shown in cold-adapted rats (McCormack & Denton, 1977 ).
Short-term treatment (2.5 h) with streptozotocin in the present experiments resulted in marked hyperglycaemia (blood glucose concentration 15.5 + 0.92 mM) and presumably insulin deficiency (Schein et al., 1971 ). In these animals, feeding with glucose and medium-chain triacylglycerol did not increase lipogenesis in brown adipose tissue, but insulin did (Table 1) .
In animals fed ad libitum, brown-adipose-tissue lipogenesis was 3-4 times that in white adipose tissue and liver, but after feeding with glucose or medium-chain triacylglycerol it was 11-fold higher. The rates of lipogenesis (expressed per g wet wt.) in brown adipose tissue of the virgin animals fed ad libitum are in agreement with previous data for 'warm-acclimated' rats, whereas the elevated rates observed after feeding with glucose or medium-chain triacylglycerol are comparable with the rates observed in rats that had been exposed to 40C for 3-4 weeks (McCormack & Denton, 1977; Trayhurn, 1979) , which indicates that prior exposure to cold is not a prerequisite for high rates of lipogenesis in brown adipose tissue.
Effects ofnoradrenaline on brown adipose tissue
Noradrenaline has a thermogenic effect in brown adipose tissue, and its concentration is elevated during cold exposure in the rat (Depocas & Behrens, 1977) and also after a meal in man (Shetty et al., 1979) . We therefore investigated its effect on lipogenesis in brown adipose tissue. Noradrenaline decreased the percentage fat content of brown adipose tissue to 25.3 + 2.4% (cf. Table 2), which might suggest an increase in fatty acid oxidation. It did not affect the rate of lipogenesis in the virgin rats fed ad libitum, but it prevented the increase in 3H20 The above results indicate that the rate of lipogenesis in brown adipose tissue responds dramatically to intragastric feeding. It was therefore decided to study brown-adipose-tissue lipogenesis in two hyperphagic situations, namely pregnancy and lactation. The fat-free weight of interscapular brown adipose tissue increased by 65% (P<0.01) during pregnancy, but declined by 24% (P <0.01) at birth. It showed little change from birth to mid-lactation, when the weight was not significantly different from the pre-mating value, but it increased by 50% (P<0.005) when the pups were removed for 24h ( Table 2 ). The percentage fat content also increased during pregnancy and declined at birth (P <0.005), but did not change on weaning ( Table 2) .
The rate of brown-adipose-tissue lipogenesis in the animals fed ad libitum increased 5-fold during pregnancy (P < 0.01). It decreased at birth (P < 0.05) and decreased further at mid-lactation (P <0.025), but increased 6-fold on weaning (P <0.005) ( Table  2 ). These changes parallel the hypertrophy and regression of the tissue and the plasma insulin concentration, which increases during pregnancy, declines during lactation (Flint et al., 1979) and increases again on premature weaning (Agius et al., 1979) . Glucose feeding did not significantly increase the already high rate of lipogenesis in brown adipose tissue of pregnant rats, and this may be due to the hyperphagia and relative hyperinsulinaemia compared with the virgin rat. Early-lactating rats showed a 160% increase in lipogenesis in brown adipose tissue in response to glucose. This increase was considerably diminished compared with that of virgin rats, and at mid-lactation there was no increase in lipogenesis after glucose feeding (Table  2) . Insulin administration does, however, increase brown-adipose-tissue lipogenesis in lactating rats (Agius & Williamson, 1980) .
The alterations in lipogenic rate in brown adipose tissue do not parallel the changes in hepatic lipogenesis during lactation (Table 2 ). Thus hepatic lipogenesis increased 2-fold (P < 0.0025) at midlactation relative to the virgin rat, whereas the rate in brown adipose tissue decreased by 57% (P<0.0025). If the changes in lipogenesis in brown adipose tissue and liver are expressed on a totalweight basis the results are even more striking (Table  2) . During pregnancy, total interscapular-brownadipose-tissue lipogenesis was 10-fold higher than in the virgin. After birth (within 48 h), both total Vol. 190 
Conclusions
One can only speculate on the physiological significance of the rapid increase in brown-adiposetissue lipogenesis that occurs after intragastric feeding or insulin treatment, since the fate of the newly synthesized lipid is not known. If the function of lipogenesis in brown adipose tissue were the same as in liver, to produce lipid for export, then it would be expected to follow the same trends as for hepatic lipogenesis, which was not the case, especially during lactation. If, on the other hand, the newly synthesized fatty acids are oxidized in situ, then the high rate oflipogenesis after intragastric feeding may be a mechanism for the 'burning off' of substrates, and the failure to observe a similar effect in lactating rats may be an adaptation to conserve lipogenic substrates for the mammary gland. The finding that noradrenaline prevented the incorporation of 3H20 into lipid that is observed after glucose feeding in virgin rats is of interest in view of the report that noradrenaline secretion in man after a meal is greater in obese subjects with subnormal rates of dietary-induced thermogenesis than in lean individuals (Shetty et al., 1979) . With the current interest in possible impairment of dietary-induced thermogenesis in relation to obesity, the lactating rat or the diabetic rat may provide a model for studying defects in brown-adipose-tissue metabolism after feeding.
